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(57) Abstract 

A magnetic metallic glass alloy evidencing a low rate of damping of mechanically resonant oscillations, is suitable for use 
in mechanically resonant target surveillance systems. The alloy has a composition described by the formula Fe n Ni K M B^Si C, 
where M is one of molybdenum and chromium, "a"-"f" are in atom percent, "a" ranges from about 39 to about 41 "b» 
ranges from about 37 to about 39, "c" ranges from 0 to about 3, "d" ranges from about 17 to about 19, and "e" and "f" 
range from 0 to about 2, with the provisos that (i) only one of "c", "e", and "V can be zero, (ii) "e" cannot be zero if "F' is 
not zero, and (m) "f" can be zero only when M is Cr. A ribbon, wire or sheet of this alloy, having mechanical resonance in a 
range of frequencies from about 55 kHz to about 60 kHz, evidences a ring down time of at least about 3 ms 
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1. Field of th e Invention 

This invention relates to metallic gl as3 alloys- 
and more particularly to metallic glass alloys suited 
for use in mechanically resonant targets of article 
surveillance systems. 

2. Descriptio n of the prior art 

Numerous article surveillance systems are available 
in the market today to help identify and/or secure 
various animate and inanimate objects. Identification 
of personnel for controlled access to limited areas, and 
securing articles of merchandise against pilferage are 
examples of purposes for which such systems are 
employed. 

An essential component of all surveillance systems 
is a sensing unit, or "target", that is attached to the 
object to be detected. other components of the system 

include a transmitter and a r.e_c,el.v.er_that- a re-su-i-t-abi-y 

disposed in an "interrogation" zone. When the object 
carrying the target enters the interrogation zone, the 
functional part of the target responds to a signal from 
the transmitter, which response is detected in the 
receiver. The information contained in the response 
signal is then processed for actions appropriate to the 
application: denial of access, triggering of an alarm, 
and the like. 

Surveillance systems that employ detection modes 
incorporating the fundamental mechanical resonance 
frequency of the target material are .especially 
advantageous systems, In that they offer a combination 
of high detection sensitivity, high operating 
reliability, and low operating costs. "Examples of such 
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systems are disclosed * « n o « 

........ t—Ji^arr .s-^r ana 

The target I, such systems la . atrlp « I 

to eatabllsh pea, magnetomachenlcal 
ferromagnetic material la pref.r. M y a metafile « 
alloy ribbon, since the effloleac, of " alllc el " i : 
10 coupling i„ these alloya 1. ^ hlgb "Zl^T^ 
reaonanoe frequency of the target". ^,^^."1 
eaeentlally by the length of the alloy liLt. """"^ 

blaalng field atrength. When en ^ ° 

.wnen an interrogating «?*<rn=.i 

tune, to thla resonance frecuency l, encountered the 
IS target material responds with a large signal r,t'„ I 

is detected by the receiver. The larg "gnal »eld T 
attrlbutabxe to en enhanced magnetic erm a , ' h \ 
target material at- f-t. A -~ 01 tne 

target conn i "a ^ \L ^.'^TT 1 VaP1 ° US 
2 0 detection that utilise the above^c HaT beT" 
taught in the .«89 and '490 patents. 

In one particularly useful system, the target 
: u ""' al I' lat « c.c lnatxons-by-pu.,.3.^ 

25 by the tr " " S P "° na " 0e fre " Uen<! '' 

th. t tran5mItter 1 *"« "e exciting pu i se ls ovep 
the target material win u „ Qerg0 „ Mcm . tlo ^' lt 

ts resonance fluency, i.e.. the target material 

puis. Z f0l /° U ' n8 or the exciting 

puj.se. The receiver "listens" f-r. 

ns to the response <*t»««i 

the surveillance system is relatively i fflmune To ' 
interferences from various radiated or power line 
conducted sources and, therefore, the potential for 
false alarms is essentially eliminated. 

" '469 a A nd r C r T °' * l °' U >•«"<»•* — i- the 

for th* Pat6ntS " SUltable for t«««t material, 

for the various detection systems disclosed. other 

metallic glass alloys bearing high permeabilities Ire 
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disclosed in U.S. Patent No. « . 1 52, 1 ; tne compositions 
of the alloys claimed in this patent fall Mith in the 
broad range referred to above. 

However, for the particular detection system 
5 described immediately above, metallic glass alloys with 
long ring down times are highly desirable so that 
detection efficiencies in the system may be improved. 
Of these, glassy metal alloys that are economical to 
produce would offer an additional advantage. 
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SUMMARY OF THE INVENTION 
The present invention provides magnetic alloys that 
are at least about 70? glassy and are characterized by 
long ring down times in resonance target applications. 
15 Such alloys evidence a low rate of damping of resonant 
oscillations, following the termination of an exciting 
pulse. Generally stated, the glassy metal alloys of the 
invention have a composition described by the formula 
Fe a Ni b M c B d Si e C f , where M is one of molybdenum and 
20 chromium, "a" - «f« are in atom percent, "a" rangea from 
about 39 to about Hi , »b« ranges from about 37 to about 
39, «c» ranges from 0 to about 3, "d» ranges from about 
17 to about 19. and »e" and »f» range from 0 t o ab.ou.t 2., 
with the provisos that (i) only one of «c». "e" and »f«' 
25 can be zero, (ii) »e« cannot be zero if »f« is not 2er o. 
and (iii) «f« can be zero only when M is Cr. Ribbons of 
these alloys, when mechanically resonant at ' frequencies 
ranging from about 55 kHz to about 60 kHz, evidence ring 
down times of at least about 3 ms. Alternatively, 
30 ribbons of these alloys, when mechanically resonant at 
frequencies ranging from about 21 kHz to about 25 kHz, 
evidence ring down times of at least about 7 ms. 

The metallic glasses of this invention are' 
especially suitable for use as the active elements in 
35 targets associated with surveillance systems that employ 
resonance frequency excitation and detection modes. 
Other uses may be found in special magnetic amplifiers, 
relay cores, ground fault interrupters and the like. 
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The f BRIEF DES ^ TP — OF THE DRAWINGS 

The invention will be more fullv ,,Z 

further advantages win h * understo °d and 

- - -e to the ^o^^:~ i-^. 
• Preferred embodiments of the invention an d the * 
accompanying drawing, wnlch is a seh6M{ the 
representation of the exciting signal pulse and the 
resultant response signal of the tare**! 
10 envelopes of these siln*- , i < material, the - 

w= w / Signals being indicated by the f h .„i, 

dashed and thick continuous lines respectively L 
wherein the definitions of the P ea k response voltl 
V r , and the ring down time, t of th. - v °itage, 

' u n* or the tareet mafa^f «i 
are also provided. 8 1 mat enal 

15 

_ ASCRIPTION OF THE PREFFRBPr> EMBODIMENTS 

In accordance with the present invention th. 
Prov id d „ netallio giaafl • ti n there a r e 

characterized by long ring down times in resonant 
tar«e t applications, These alloys eviden! Z 7 0 7rate 
of damp ng of resonant oscillations, following the 
termination of an exciting pulse. Generally stated the 
_^sy metal-al-l-oys-of-the-inv 

of m C : 11 ^ f ° rmUla Fe a N W d Si eCf , where r s one 
of molybdenum and ohronlum , "a» . .* ,„ 

percent. -a- ran.ea frM about „ ^ ^ •» «- 

anTrn' fr ° m al>OUt 17 to "">« ™< "e" 

and range from 0 to about 2, „ lth tbe proviaoa that 
(i) only one of "c", "e» and «m ~ "^isos that 

MBM . . > e and «f» can be zero, (ii) n e « 

cannot be zero if » f n ia not > • 

*ero only when M is Cr. The purity of the above ' 
compositions is that found in normal commercial 

rial T ! . r bb ° nS ° f all ° yS ' " len « tha "n«ing 

resLan < 3 mm ^ ab ° Ut 40 mm 6XhlMt -chanieal 
resonance in a range of frequencies from about 55 kHz to 
about 60 kHz uunn ».u. k «2 to 

utou ichz. When thus resonant, such ribbons evident 
ring down times of at least ahn „f * evidence 

ac j.east about 3 ms. Alternatively 
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ribbons of these allovs At- i^^-u 

85 nun to about 100 1 exhibit T ^ 3b ° Ut 

uu mm exhibit mechanical re^nan,. • 

Ind 1 frequen01 ^ To« about 21 kH z to about' 25 kHz ■ 
and when so resonant, evidence ring down times of at 
5 least about 7 ms. at 

Ribbons having mechanical resonances in the r .n« ' 
ro* about 55 kH z to about 60 kHz are preferred Such 

■ : r o : a s is are Ti::r h to be used as 

materials. I„ addition, the resonance signals of such 
10 ribbons are well separated from the audio *n„ 

radio frequency ranges. ° co ™*™^ 

Most metallic glass alloys that are outside of the 
scope of this invention typically ring down, after 
excitation of a resonance in a frequency ranee fr om 

15 about 55 kHz to about 60 kHz in m„ V from 

out ou ' in times shorter than 

about 2 ms. These ring down times are unacceptable 
bec aus of the increased difficulties associated with 
the detection of a response signal of reasonable 
strength within such short time intervals 
20 There are a few metallic glass alloys outside of 

the scope of this invention that do show ring down times 
comparable to those from the alloys of this inventio 

theSe all °* S '"variably conta_ln_high-le-ve-l-s ^f— 

molybdenum. Aside from the increased raw material colts 
2.5 associated with Mo, the yield of 

no ' cne Vleld of good magnetic ribbon, 

suitable for use in resonance targets, from casts of 
alloys with high Mo content tends to be generally 
pcor. The alloys of the present invention offer the 
advantageous combination of long ring down times and 
30 economy in production of usable ribbon. 

Apart from the ease in detection facilitated by the 
longer ring down times in the alloys of this invention, ' 
such longer time intervals provide an additional, and 
advantageous, feature in the detection system in that 
the receiver may "listen" to the sample response more 
than once during the same ring down cycle, for 
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confirmation purposes 
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Examples of metallic glasses of the i„ VpnM . 
elude r. 40 »i 38 M O2 B l8 s ll c li F. 1|0 H lM „o,S \s7 r " 

^0Ni 38 Mo K5 B l8 .5 SilCl , Fe, 0 N i3 3 8 8 M O ^ 7 sI1 1 ^ 
5 r.*0« 3 .Cr 2 B ieW *. and r . 4o Jj J 8 3 Si,C 

numbers are in atomic percent? 

The definition of the ring down time, as used in 
the context of the description of this indention i 
Provided in the Figure. This Figure al " 
10 schematically, the interrogation and detection 111 \ 
a surveillance system wherein the all o , ^ ° f 

invention are beneficially employed. 

The target material is exposed to a burst of 
exciting signal of constant amplitude, referred to » 
15 the exciting pulse, tuned to the fr.ou.nnvT 

resonance, of the target material. 2 exciti "'T" 1 
outlined in thic* dashed lines in the Figure an^the 
peaX-to-peaK amplitude of the pulse is denied by the 
Quantity ? Although the prl g 0 ™™* £V 

20 surveillance system is not dependent on t e I,' £ 

waves comprising the exciting pulse, the wave form of 

begins L" 18 USUaXly SinUSOidal - ^e target maL *l 
begins to resonate under this , excitation . 



The physical principle governing th 'i 
25 be summarized as follows When IT "^onance may 

is .uhi.,^ «. r ° Il0WS - When a ferromagnetic material 
is subjected to a magnetizing magnetic field, it 

experiences a change in length. The fractional change 

re n fer e re 8 d ^ " ^ ° rl8lnal Wh ' ° f the -te aT s 
referred to as magnetostriction and denoted by the 

30 symbol * . A positive signature is assigned to \ if 
an elongation occurs parallel tn i-h^ «. 
magnetic field. Parallel to th. magnetizing 

When a ribbon of a material with a positive 

magnetostriction is subjected to a sinusoidaliy varvln* 
35 exte rna , fl#ld> applied aiong ua ^^^^ ^l l^S 

will undergo periodic changes in length, i.e., the 
ribbon will be driven into oscillations. The external 
field may be generated, for. example, by a solenoid 
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carrying a sinusoidally varying current The r 

of the ribbon oscillations will be twice that 'l'?™* 

living field, since the 

to the direction of the driving fl . ld J'a y "l™""' 
5 instant. m other words, as Xong as the absolute 

magnxtude of the driving field is non-zero, there will 
be a change in the ribbon length. Magnetomechanical 
resonance occurs when the frequency of th. h ? ? 
is one-half *r *« e l"ency of the driving field 

in h7 r ' mecha «i"l resonance frequency of 

10 the ribbon. The frequency fp ls glven by th> J^™^ 9 ' 

f r - (1/2D(E/D)°-5, 

Tll\lL the ribb ° n len8th * E the YOUn « ,s -dulus 
of the ribbon, and D is the density of the ribbon. 

However, if a dc magnetic field, referred to as the 
15 biasing field, of suitable strength were imposed on the 
.ater al concurrently with the ac field, the- frequency 
of ribbon oscillations will be that of the driving ac 
field. The reason for this is that the material 
responds magnetostrictively to the net instantaneous 
20 ...natao field acting upon it. and as long as this net 

the 1 S n ° n " Zer0 ' material WU1 filiate about 
the position where the constant dc field has placed 

► Apart fro B JU ^idin W . M . H ^^ t<r ^ B -^ c 

1 r> <a ¥ a *i 4- « «, « ^ . - . _ . w 1 1 



_~ . . . * *j ^ <*«e airectio 

of the instantaneous ac field, the biasing field serves 
25 other purposes as well. serves 

Magnetostrictive effects are observed in a 

ferromagnetic material onlv when 

uniy wnen the magnetization of 
the material proceeds through domain rotation. No 
magnetostriction is observed when motion of plane 

30 Parallel domain walls is the mechanism for 

magnetization. The biasing field places the material 
at. or beyond, the "knee" of hysteresis loop of the 
material, in which magnetic state the motion of plane 
parallel walls has been expended, and. further 

35 magnetization of the sample occurs mainly by domain 

rotation. The efficiency of magnetomechanical response 
from the material has thus been improved. it is also 
well understood in the art that a biasing field serves 
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to change the effective value for e in a «• 
material «n ► = I or E in a ferromagnetic 

material so that -.. ie mechanical resonance frequency of 
the material may be modified by . suitable ° / 

strength for the biasing field. 
5 Summarizing the above, a ribbon of a positively 

aagnetostrictive ferromagnetic material , -when exposed to 
a driving ac magnetic field in the presence of ad 

. biasing field, will oscillate af f h£ * 

v^iixate at the frequency of the -■ 

th ^ e V me n Y C - fl r ld, ^ ^ ^ COi "^" "ith 

thl r^ 30 "^ reS ° nanCe r™*»*»°y. f P . of the material, 
the ribbon will resonate and provide increased response 
signal amplitudes. In practice, the biasing field is 
provided by a ferromagnet with a higher coercivity than 
the target material present in the "target package" 

The amplitude of the response signal, or voltage, 
from the target material increases through the duration 
of the exciting pulse (as dictated by inertia), and 
eventually reches a stable, constant value if the 
exciting pulse lasts for a long enough time. The peak- 
to-peak height of this stable amplitude is represented 

Vrr\i* T Fl8Ure '- ° nCe ^ eXCiting pul3e is 
off. the target material "rings down", i.e., the 

amplitude of mechanical osclliation S _in-the-mat-eri-a-i- 
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20 



and, consequently, the response voltage amplitude reduce 
25 to zero over a period of time. In other words, in the 
absence of an excitation, the motion of the excited 
target material is damped. The profile of the amplitude 
of the target response voltage is outlined in thick 
solid lines in the Figure. 
30 The moment when the exciting pulse is turned off is 

defined as time t - 0, and the monitoring of the sample 
response signal commences some time after t - 0, during 
the ring down period. The ring down time, t p , of the 
target material is defined, in the notation of the 
35 Figure, as the instant when the peak-to-peak target 

response voltage is 10$ of V r . As used herein, the term 

ring down time- means the time interval during which 
the amplitude of response from the ribbon is reduced to 
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about 10$ of that amplitude extant when an exciting 
pulse applied to the ribbon is terminated, such time 
interval commencing at the instant of termination of the 
exciting pulse. 

5 The ring down time. tp . is approximately a linear 

function of the ribbon length, L; .the longer the ribbon, 
the longer is the ring down time. Without being bound 
by any theory, it is believed that the increase in t 
with increasing L is associated with the lowering o/the 
10 mechanical resonance frequency in longer ribbons. The 
same amount of energy takes longer to dissipate at lower 
frequencies. 

The magnitude of the response voltage sensed by a 
receiver is dependent on how that receiver is disposed 

15 within the system. For example, a receiver in a system 
requiring the insertion of an identification card into a 
slot will perceive a magnitude for V r that is different 
from that perceived by a receiver in a system designed 
for employment at the exit doors of a department store, 

20 even though identical target materials are used in both 
systems . 

There are no requirements on the magnitude of V as 

far as t he choice of target material is concerned. it 

Tsr-however. understood that the value for V r should be 
25 such that the response voltage is of sufficient strength 
to be detected by the receiver at the instant, during 
the ring down period, when the receiver "listens" to the 
target material. Henceforth, for the reasons detailed 
immediately above, no further reference to V r will be 
30 made in the description of this invention. 

Table I lists the values for t r obtained from 
various metallic glass alloys that are outside the scope ' 
of this invention but which happen to lie within the 
scope of compositions claimed in the / 4 8.9 and '490 
35 Patents. With the exception of the last named alloy, 
the ring down times for the alloys in this Table are 
short. This last named alloy is prone "to the 
difficulties associated 
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* • 

TABLE I 

5 metall^ """^ ° btained from ribb °ns of " 

metallic glass alloys that are outside the scope of this 

nvention. Representative compositions 

' ltt1110 81333 8yste » s ^ve been listed. Excep as 
noted, these ribbons have mechanical resonance 
10 frequencies. r p , ln the range froffl ^ 55 - 
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Composition (at.$) 



t_(ms) 



20 



Fe 78 B 13 Si 9 
Fe 8l B 1 3 .5 sl 3.5 c 2 

Fe 40 Ni i}0 B 20 
Fe J»2 Ni 38 M °2 B i8 



1 .2 
1 .5 
1 .0 

5.2 <*) 
1 .'8 

J»-3 



25 



(*) Ribbon with f p of about 22 kHz. 



30 



35 



It has been found that the combination of the 
specific elements in the alloys of this invention is 

ShortT 7 ^ attain ° ent ° f 'in. down times. 

th! XI tlmeS reSUlt fr ° m ° etalllC ***** alloys 

that have any one of these elements absent from their 

composition. Table II lists the ring down times 
obtained from representative metallic glass alloys 
wherein both Si and C are absent, and Table in contains 
a similar list derived from alloys with no C. The 

alloys in these Tables app mt*«<H« *w 

*duxes are outside the scope of this 
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IZrlt 0 "' T Undeslrabie ti.es obtained 

from these alloys are self evident from these Tables 

th. J,' 1S p UnderSt °° d from the T ^les II and in that 
the alloy Fe^^Mo, B, 8 is unique in terms of its long 

make 5 the"^"" * l0Werlng ° f ^ content to 

make the alloy more economical to. produce invariably 

compromises the ring down time. It will be further 

understood from the Tables I to III that the long ring 

down times obtained in the alloys of this invention 

with the stated combination of the specific elements. 
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TABLE II 

Ring down times, t r . obtained from ribbons of 
metallic glass alloys containing Fe, Ni , Mo, and B, but 
no Si or C. Except as noted, these ribbons have 
mechanical resonance frequencies. f p . lB tne from 
about 21 kHz to about 23 kHz. 



20 



Composition (at.?) 



t n (ms) 



25 



" Fe Ho Nr 38Mo 3 B 1 9 
Fe lt0 Ni 39 Mo 3 B l8 

Fe Hl Ni 38 Mo 3 B i8 



6.0 
6.0 

1 .8 (*) 



30 



<*) Ribbon with f of about 58 kHz. 
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TABLE III 

Ring down times, t r . obtained from ribbons of 
-.flllo glass alloys oontaining Fe. Ni , Mo, B and Si 
but no C. These ribbons have mechanical re 0 „ nce ' 
the range of fluencies from about 21 kH z to a 3 



Composition (at.*) 



(ms) 



15 



Fe lj0 Ni 38 MOi { B 17 Si 1 
Fe 2 | 0 Ni 38 Mo Ij B l6 Si 2 



2.6 

5.*5 
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25 



are much longer than the ring down times of previous 
target materials. v ous 

The following examples are presented to provide a 
more oomplete understanding of the invention. The 
forthT ^! hniqUeS ' -"^tions and reported data set 
Lventi illUStrSte thS P'i-oiPl.. and praotice of the 

limiting the scope of the invention. All alloy 

compositions described in the eMmr,i« • 
nnmn««4«. 4 examples are nominal 

compositions. 



EXAMPLES 
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Example 1: Fe-Nl- Mn - R - g< . n meta1 „ n 



1 . Sa mple Preparation 

Glassy metal alloys in the Fe-Ni-Mo-B-Si-c familv 
designated as samples no. 1 to 1 3 in Table IV, were 

taught V U : nChed fr ° m the » elt Allowing the techniques 
taught by Narasimhan in U.S. Patent No. «, 142,571. the 

tne S reto SUre A^ ^ lnco ^°"ted by reference 

thereto. All casts were made in a vacuum chamber, using 
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to To '°\lT tS ' reSUltin « ribb — - typically 25 

to 30 M m thick and about 6 mm wide, were determined to 
be free of significant crystallini ty by x-ray 
diffractometry using Cu-K Q radiation and differential 
5 ^nning calorimetry . Each of the alloys was at least 
70$ glassy and, in many instances, the alloys were more 
than 90$ glassy. Ribbons of these glassy metal alloys 
- were, strong, shiny, hard, and ductile. 
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2. Characterization of respons e as r efl0 n»no e target* 

Ribbon samples, cut to about 38. mm in length, were 
used for the characterization of ring down times in the 
various alloys. This ribbon length is appropriate to a 
mechanical resonance frequency ranging from about 55 kHz 
15 to about 60 kHz in these alloys. The biasing dc field 
and the driving ac field were obtained from two 
solenoids that were coaxially configured. The biasing 
solenoid, about 0.38 m in length, had a turn density of 
about 3400 turns/m, and the driving solenoid was about 
20 ° : 3 m long with a turn density of about 1440 turns/m 

The sample was placed on the axis of these solenoids!' at 
about the middle of their length. The sample response 
was sensed through a Piok-up_^,o,ii_compr-lsing-be-tween 



about 100 and 120 turns of wire wound closely around the 
25 sample and covering the entire ribbon length. The 
sample response (pick-up signal) and the driving ac 

signal were simultaneously monitored on an oscilloscope 
screen. 

An initial estimation of the resonance frequencies 
30 or these as-cast ribbon samples was made by fixing the 
dc biasing field at about 440 A/m and scanning the 
frequency of a driving ac field of a constant amplitude 
of about 8 A/m. Peaks in the respective response 
signals identified the resonance frequencies, which were 
35 found to range from about 55 to kHz to about 60 kHz. 
Following the above procedure, for any given 
sample, a pulse was sent through the exciting solenoid, 
which pulse contained a counted number of waves at the 
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resonance frequency determined earlier as appropriate 
for the sample. The number of waves, or. equivalents , 
the duration of the pulse, was adjusted to be sufficient 
to ensure that the sample response had reached a stable 
5 ^ jUstments ^ the driving frequency, and to the 

biasing field strength, were also made, when necessary, 
to obtain a maximum sample response signal. Peak sample 
responses were obtained with the biasing field ranging- 
from about 400 A/m to about 600 A/m. the driving 
10 frequency ranging from about 56 kHz to about 58 kHz. and 
the exciting pulse comprising between about 80 and 100 
waves. 

The traces on the oscilloscope screen were as 
schematically illustrated in the Figure. As described 

15 above, the ring down time was determined as the time 

required for the sample response amplitude to reduce to 
10$ of the amplitude at the instant the exciting pulse 
was turned off. Table IV below lists the ring down 
times obtained from these 38 mm long as-cast metallic 

20 glass ribbons. 



25 



30 



35 
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TABLE IV 

m Ring down tiroes, t r , obtained from various Fe-Ni- 
Mo-B-Si-C metallic glasses belonging to this 
invention. Mechanical resonance frequencies range from 
5 about 55 kHz to about 60 kHz. 















Composition 








No. 

* 


Fe 




* * • 

Ni 


- Mo 


- B 


Si 


- C 


10 




■ 


















i 


at . % 






38 


- 2 


-19 


0.5 


- 0.5 






wt.% 


^5. 8 




45.7 


- 3.9 


- 4.2 - 


0.3 


• 

- 0.1 




2 


at . % 


40 




38 


- 2 


- 18.5 - 


* 

1 


- 0.5 






ut.% 


45.7 




45 . 6 


- 3.9 


- 4.1 - 


0.6 


- 0.1 


15 


3 


at . % 


* 

40 




« 

38 


- 3' 


- 18' - 


• 

0.5 


- 0.5 






wt.% 


45.0 




44.9 


- 5.8 


- 3.9 - 


0.3 


p 

" - 0.1 




4 


at .$ 


li /"\ 

40 




* 

38 


- K5 


- 18.5 - 


• 

1 


- 1 






wt.'$ 

• 


46.1 




46.0 


- 3.0 


- 4.1 - 


0.6 


- 0.2 




5 


at .% 


■ 

40 




38 


-1.5 


- 18' - 


1.5 


* 

- 1 


20 




* 


46.0 




45.9 


- 3.0 


- 4.0 - 


* 

0.9 


- 0.2 




6 


at .% 


• 

40 




• 

38 


- 2 


- 18.5 - 


* 

0.5 


- 1 ' 






ut.% 

• 


lie O 

45 . o 




45.7 


- 3.9 


- 4.1 - 


» 

0.3 


- 0.2 




7 


at .% 


40 




38' 


- 2 


- 18' - 


• 

1 


- 1 " 






wt.$ 


45.7 




45.6 


- 3.9 


- 4.0 - 


0.6 


- 0.2 


25 


8 


• 

at . % 


no ' 




38' 


- 2 


- 17.5 - 


1 .'5 


- 1 * 






wt .$ 

• 


45.6 




45.5 


- 3.9 


- 3.9 - 


0.9 


- 0.2 




9 


at .2 


HO ' 




38' 


-2.5 


- 17.5 - 


1 ' 


• 

- 1 






wt.*% 


45.3 




45.2 


- H.9 


- 3.8 - 


0.6 


- 0.2 




10 


• 

at .% 


40 ' 




38' 


* 

- 3 


- 17' - 


• 

1 


• 

- 1 


30 




wt.* 


44.9 




44.8 


- 5.8 


- 3.7 - 


0.6 


- 0.2 




1 1 


* 

at . St 


40 ' 




38' 


- 1 


- 18' - 


1 .'5 


-1.5 






wt.J 


46.4 




46.3 


- 2.0 


- 4.0 - 


0.9 


- 0.4 




12 


• 

at .% 


40 ' 




38' 


- 1.5 


- 18' - 


1 


-1.5 






wt.*$ 


46.1 




46.0 


- 3.0 


- 4.0 - 


0.6 

* 


- 0^4 


35 


13 


at . % 


• * 

40 




38' 


• 

- 2 


- 17' - 


1 .5 


- 1 .'5 






wt $ 


45.6 




45.5 


- 3.9 


- 3.8 - 


0^9 


- 0J4 



t_ (ms) 



5.3 



7.5 



4.7 



6.3 



5.0 



6.3 



5.0 



5.0 



5.7 



6.5 



5. 1 



4.2 



5.5 
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Each of the alloys listed in Table IV showed good 
capability and had a ring down time of at least about 
1.2 ms. which is relatively long as compared with alloys 
outside the scope of the invention. Of the alloys set 
5 forth in Table IV, those selected from the group 

consisting of sample Nos. 2, H, 6, 7 and 10. having a 
ring down time of at least about 5 ms, are preferred. 

Annealing of metallic glasses improves their soft 
ferromagnetic characteristics. Consequently, the ring- 
10 clown times of the metallic glasses of this invention are 
improved if these glassy alloys are annealed. 

Ribbons of selected alloys from the above Table 
were subject to simple stress relief anneals, i.e., low 
temperature anneals in the absence of externally imposed 
15 magnetic fields. The anneal temperature ranged between 
about U73 K and 573 K, and the anneal time ranged 
between about 15 min. and 60 min. Ring down times from 
these annealed ribbons were found to be longer than in 
the corresponding as-cast ribbons. The extent of 
20 increase was dependent on the chemical composition of 
the metallio glass and on the anneal conditions for a 
given alloy. Other anneal conditions which may optimize 

the magnetomeehanical coupling effects available in a 

metallic glass alloy ribbon, such as those including the 
25 presence of external fields applied along the ribbon 
width, can be employed to improve the resonance target 
response of the alloys of this invention. 



Example 2: Fe-Ni-Cr-B-Sl-C metallio gi assM 



30 



Glassy metal alloys in the Fe-Ni-Cr-B-Si-c system 
were prepared and characterized as detailed under 
Example 1 . The ring down times obtained from 

■ 

representative alloys in this family of metallic glasses 
35 are listed in Table V. 
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TABLE V 

Ring down times, t r , obtained from various Fe-Ni- 
Cr-B-Si-C metallic glasses belonging to this 
invention. Mechanical resonance frequencies range fro 
5 about 55 kHz to about 60 kHz. 





No. 


• 


Fe 




- Ni 




Composition 
- Cr - B 


Si 


- C 


t r (ms) 


10 


1 


at 




40 




- 38 




- 3 


- 18 


1 


- 0 


iTi 






wt 


'.% 


46. 


1 


- 46. 


1 


- 3.2 • 


- 4.0 - 


0.6 


- 0 






2 


at 




i*0 ' 




- 38' 




- 2 " • 


• 18' - 


* 

2 


- 0 








wt 




46. 


4 


- 46. 


3 


- 2.2 - 


• 4.0 - 


1 .2 


- 0 


♦ 




3 


at 




HO ' 




- 38' 




- 0 ' - 


• 18' - 


2 


- 2 


4.1 


15 




wt 


.% 


47. 


1 


- 47. 


1 


- 0 


• 4.1 - 


1 .2 


- 0.5 





Example 3 

20 Numerous casts were made of the alloy Fei i0 Ni 38 Mo 2 - 

BjgSijCj, which belongs to this invention, and of the 
alloy Fei 40 Ni 3 gMoi|B 1 3 , which is outside the scope of this 
invention, following the procedures detailed under 

Example— 1-v— Un if orm it y~in-wi-dthT~and~ a ~Xac lT~of ~h~ol es and 

25 kinks were used as the criteria for selection of "good" 
38 mm long ribbons, usable as target material. About 10 
to 15 such ribbons could be derived from a typical cast 
of the alloy belonging to this invention, whereas the 
alloy outside the scope of this invention yielded only 4 

30 to 8 such ribbons from a typical cast. 

The above stated criteria are good indicators of 
the potential yield from a large scale cast of metallic 
glass ribbon. Kinks develop in the ribbons cast in a 

* 

vacuum chamber when the ribbon, that is still hot, 
35 contacts the walls of the vacuum chamber. Under 

otherwise similar casting conditions, an alloy that is 
more efficiently quenched into ribbon will show fewer 
kinks along the length of the ribbon. Similarly, it is 
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understood that a lack of uniformity in width, and the 
presence of holes in the cast ribbon, evidence reduced 
castability of the alloy. 

Haying thus described the invention in rather full 
5 detail, it will be understood that such detail need not 
be strictly adhered to but that further changes and 
modifications may suggest themselves to one skilled in 
the art. all falling within the scope of the invention- 
as defined by the subjoined claims. 

10 



15 



20 



25 



30 



35 



10 
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What is claimed is : 

1. A magnetic metallic glass alloy that is at least 

about 70% glassy, having a composition described by the 

formula Fe Ni. MB -,Si , where M is one of 

a D c a e i 

molybdenum and chromium, "a" - "f" are in atom percent, 
5 "a" ranges from about 39 to about 41, "b" ranges from 

about 41, "b" ranges from about 37 to about 39, "c" ranges 
from 0 to about 3, "d" ranges from about 17 to about 19, 
and "e* and "f" range from 0 to about 2, with the provisos 
that (i) only one of "c", "e* and m f can be zero, (ii) "e 
cannot be zero if "f" is not zero, and (iii) •£■ can be 
zero only when M is Cr, 

2. An alloy as recited by claim 1, having the form 
of a strip that exhibits mechanical resonance in a range 
of frequencies from about 55 kHz to about 60 kHz, and 

15 having a ring down time of at least about 3 ms. 

3. The magnetic alloy of claim 2, wherein said ring 
down time is greater than about 5 ms. 

4. THe magnetic alloy of claim 2, wherein "e" or 
ranges between about 0.5 and about 2, 

5. The magnetic alloy of claim 2, wherein each of 
»e" and ■£* ranges between about 0.5 and about 1. 

6. In an article surveillance system adapted to 
-detect— a-signal— produced_by_mechanical_r_esonance_of_a 



20 



target within an applied magnetic field, the improvement 
25 wherein said target comprises at least one strip of 

ferromagnetic material that is at least about 70% glassy, 
and has a composition described by the formula 

Fe a Ni b M c B d Si e C f r where M is one of mol Y bdenuin 
and chromium, "a* - ■£■ are in atom percent, "a" ranges 
from about 39 to about 41, "b" ranges from about 41, m b m 
ranges from about 37 to about 39, "c" ranges from 0 to 
about 3, "d" ranges from about 17 to about 19, and "e" and 
■£■ range from 0 to about 2, with the provisos that (i) 
only one of "c", "e" and •£" can be zero, (ii) "e" 
35 cannot be zero if ■£■ is not zero, and (iii) ■£■ can be 
zero only when M is Cr. 



30 
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7. An article surveillance system as recited by- 
claim 9, wherein said strip is selected from the group 
consisting of ribbon, wire and sheet, 

8. An article surveillance system as recited by 
claim 9, wherein said strip exhibits mechanical resonance 
in a range of frequencies from about 55 kHz to about 60 
kHz, and has a ring down time of at least about 3 ms. 

9. An article surveillance system as recited by 
claim 8, wherein "e" and '■£■ range between about 0.5 and 
about 1 . 

10. An article surveillance cyctem as recited by 
claim 6, wherein said strip has a composition selected 
from the group consisting of F e4 0 Ni 38 Mo 2 B 18 si l c l' 
Pe 40 Ni 38 Mo 1.5 B 18.5 Si l C l' Fe 40 Ni 38 Mo 2 B 18.5 si l c 0.5 

15 Fe 40 Ni 38 Mo 2 B 18.5 Si 0.5 C l and Fe 40 Ni 38 Mo 3 B 17 si l c l • 
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